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ABSTRACT

As a reflection of my career to be an effectbaiege physics teacher, my thesis is in two
parts. The first is in education research, the $ooti this part is to have a tool to evaluate
pedagogies | have learned at the school and plaappdy in my classrooms back home.
Consequently, this resulted in the developmenthefttanslated conceptual survey of physics
(TCSP).

(TCSP) was designed by combining some questions from tiree=Conceptual Inventory
(FCI), and the Conceptual Survey of Electricity and Magnet(CSEM) to assess student’s
understanding of basic concepts of Newtonian mackaand electricity and magnetism in
introductory physics. The idea of developing thigstionnaire is to use it in classrooms back
home as a part of a long term objective to implenvelmat has been realized in the area of
education research to improve the quality of teaglphysics thereThe survey was initially
written in English, validated with interviews wittative English speakers, translated into Arabic,
and then validated via an interview with a nativealdic speaker. We then administered the
survey to two different English-speaking intro plegscourses and analyzed the results for
consistency.

The objective of the second part in my thasiso expand my knowledge in an area of
physics that | have interest in, and getting inediin a scientific research to develop skills |
need as a teacher. My research is in optical pbysicparticular, | am working on one of the
challenges in implementing two photon excitatiamofescenceT(PEF) microscopy in imaging
living systems. TPEF) microscopy has been shown to be an invaluable favahvestigating
biological structure and function in living orgams. The utility of (TPEF) imaging for this
application arises from several important factaduding it's ability to image deep within tissue,
and to do so without harming the organism. Bothhefse advantages arise from the fact that
(TPEF) imaging is done with excitation wavelengths i thear infraredNIR). The (IR)
wavelength regime, 750-1100nm, penetrates deepO(rdf() into tissue, and has been used to
image to depths of up to 1 mm. Further, the loreyaitation wavelengths are less absorbing
than the traditional ultraviolet wavelengths usedonfocal microscopy, and are consequently

less damaging. As a resultREF) is presently the preferred tool for visualizing dgmcs by



biologists. One important aspect of imaging livisgstems, however, is that they move! This
adds to the challenge of trying to study some galdr biological function(s). This thesis begins
to address this issue by combining a simple miordroller circuit that can be linked to a remote
focusing scheme that will make it possible to ladiocal plane to a specific depth inside a living,

moving specimen.
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CHAPTER 1

INTRODUCTION TO PHYSIEDUCATION RESEARCH

Significant learning gains, developing criticalrtking skills, the ability to apply what is
taught in classrooms to the real world, and mor¢écaes that are resulting from the
implementation of research-based instruction hak tb the recent recognition of Physics
Education Research (PER) and its importance effectteaching physics. This chapter
summarizes what PER is and what areas of resears@ i cover showing its benefits to

teaching physics in college level.

1.1 A Description and A Brief History of PER in the US:

PER investigates what happens as students trgato land develop the concepts of physics
and what affect this, via qualitative and quanirmatresearch. Repeated research with many
students at different places may show repeatedrpatbf responses that can lead to theories that
help to improve physics instruction (Robert Beiahp@09). Lillian McDermott at the University
of Washington is considered as the “founder” oteg#-level PER in the United States, and the
Washington group is one of the largest PER groopgbke world. Other current US PER groups
include: North Carolina State University, Univeysibf Maine, University of Colorado,
University of Maryland, and the Ohio State UnivergijRobert Beichner). Along with many
individuals who had a recognized influence on tledf A “family tree” was produced by
Michael Wittmann showing who influenced who is dable at (htt://www.umit.maine.edu/~Wi-
ttmann/FamilyTree.jpQ).

In an effort to recognize PER as a scientifeesgch field, and to develop the studies relevant
to it, there was a series of meetings that resutt¢de PER conference (PERC) that is held every
summer since 1997, the biennial conference sergan@ed by the University of Maine since
2005, and regular PER sessions at the meetingheofAtmerican Physics Society APS. An
outcome of one of the first of these meetings (E8B4, North Carolina State University) was
the 1995 white paper submitted by representativethé physics education researchers. The
paper recommended that the National Science FoenddSF Physics Division establishes PER

as a subfield of physics and support the fieldegular basis (Robert Bt al. 1995).



An important event in the history of PER whs publication of the force concept inventory
(FCI) (D. Hesteneset al. 1992). The (FCI) is an instrument designed to asstgdents
understanding of the basic concepts in Newtoniacha@cs. The instrument was based on the
work of Halloun (I. Halloun & D. Hestenes 1985) aitchas been developed and revised (l.
Halloun et al. 1995). The (FCI) played a significant role in thevelopment of (PER) as it
revealed that students in interactive classes r(ofteasses that implement research based
instruction) performed better than student in tradal classes (R. Hake 1998). This led to the
recognition of one key PER methods: evaluating dffectiveness of instruction via pre-post
testing using validated tests.

As the field of PER became more recognized, thasebeen different resources of publications
for learning about the field. One of the key resegrfor that is the American Journal of Physics
(Lillian M. & Edward R.). The American Associatioof Physics Teachers AAPT and the
American Physics Society with their publication Pfiysical Review Special Topics-Physics
Education Research since 2005 is another sourcBE® studies. In addition to other journals

that occasionally include articles relevant to RRBbert B. 2009).

1.2 Research Areasin PER:

In an effort to improve teaching and learning pbgsPER has branched into different areas of

studies. Below is a description of some of thesasr

1.2.1 Conceptual Understanding:

Researchers in this area are looking at howvdrat students learn of the concepts of physics.
An early example of this type of research is theestigation of students understanding of the
concept of velocity in one dimension at the Uniugref Washington (D. Trowbridge & L.
McDermott 1980). In this study students in introwg college physics courses were
interviewed and asked specific questions to assgs dbility to apply the concept of velocity to
interpret simple motions of real objects. A Simiktudy on students understanding of the
concept of acceleration has been conducted by dhee sauthors. In both studies students’
difficulties in applying the concepts and discriading between different concepts were
identified. Implications for instruction-to dealtithose difficulties- have been discussed.



Part of this type of research is the inventiddrassessment instruments in topics of physics
where students’ difficulties have been identifiétkamples of these tests are: the (FCI)
mentioned earlier, the Force and Motion Concepkaluation (FMCE) (R. Thornton & D.
Sokoloff 1998), the Test of Understanding GraphKiimematics (TUG-K) (R.J. Beichner 1994),
and more. The main purpose of these tests is taaeahe effectiveness of instruction.

Other sup-areas under conceptual understgnaieearch are: the work of DiSessa in
analyzing students reasoning in introductory pls/gidiSessa 1988). DiSessa found out that
many students come up with simple statements (widéBessa calledohenomenological
primitives) to describe the way they think of physics conicgs and how things work in the
world around them. For example students refer wrcd as a mover”, and this is often
misdiagnosed as “misconception”. Disease’s work &agrate impact on research trying to
understand students thinking. Also, there have lvesearchers who investigate how students’
ideas are changed as they learn (D. E. Brown & @ammer 2008).

1.2.2 Epistemology:

Researchers in this field are working on theoofkethe cognition involved in learning physics
whish represents the theoretical basis of PER. dRedbr example, proposed a theoretical
framework explaining what is seen in classroom eochparing different theoretical methods
(Edward F. Redish 2004). He gave an analysis afesii’ls cognition and its interaction with the
environment, sketched some models for student&itignand learning in physics, and he gave
examples of how theoretical studies can have aménpn instruction and research. In another
study, Hammer explores how students epistemolodiekéves (believes about knowledge and
learning) can affect instruction (David H. 1995)sHtudy was in the context of a discussion

about velocity in high school physics class.

1.2.3 Problem Solving:

Instructors would like their students to be ableapply what they learn from lectures and
text books to solve physics problems. Howeverighas difficult task for most students in a class.
Studying how students solve and learn to solvelpmb can be helpful to increase number of
students who are competent problem solvers. Rdsmarin this field investigate the cognitive

process involved in problem solving, study the @ffe curricular materials on student’s learning,



develop computer programs to help students leasolie problems, and study the differences
between novices and experts as they solve problameview on the topic is presented in the
resource letter provided by (Leonardodtal. 2004).

Examples of studies done under this field @@mparison between representations used by
experts and novices when solving physics problavtishelene T. Het al. 1981). Authors in
this study showed that expert’s representationsbased on abstract physics principles, while
novices base their representations on the probléeswts Another study was at the University of
Minnesota (Patericia Het al. 1992) aiming to teach students an effective prokelving
strategy through forming cooperative groups witbcsfic structure and giving them context-rich

problems.

1.2.4 Attitudes:

Studies on students’ beliefs and attitudes towardnse (House, J.D. 1995) indicate that
those attitudes are better in predicting collegerse student’s performance than the amount of
previous science and math they have completed. mAbeu of surveys have been designed to
measure student beliefs about physics and leaminygics. The Colorado Learning Attitudes
about Science Survey (CLASS) (W. K. Adasisl. 2006) is one of these surveys. The (CLASS)
is designed based on existing work to investigate ktudents beliefs impact and are impacted
by their learning experience, and to distinguistwieen beliefs of experts and novices. Students
are asked to respond on a 5-point scale (agreagréis) to 42 clear statements like:

“| study physics to learn knowledge that will beefid in my life outside of school”. The survey
results revealed that students’ beliefs toward gsytend to decline after traditional instruction;
however instruction aimed at addressing studentdiets about physics has a positive
measurable effect. It also shows that there argelayender differences in beliefs. Another
example of those instruments is the Maryland PBy&gpectations Survey (MPEX) (E. F.
Radishet al. 1998). The survey has been developed to see halerggisee physics and how

they think they work in an introductory calculusskd physics course.

1.2.5 Social Aspects:

Non-academic aspects such as: gender, ragejngaenvironment, student interactions can

easily impact students performance. In PER theeesaurdies on the effect of these aspects on



learning and teaching physics. For example, thdystuas done by Williams (Karen Williams

2001) documenting women’s fear about communicationghysics classes even though they
learned about force concepts as much as men diagdilne course. Also, consider studies about
studio classrooms such that carried out by (Cumseical. 1999) at Rensselaer. There the
authors investigate the effect of incorporatingeeesh-based activities into Studio Physics on

students’ conceptual learning gains.

1.2.6 Technology:

Microcomputer-Based Labs(MBLSs), Video Based L@aBL), complex three- dimensional
simulations, and student response systems (clickaltsare technologies that have been
employed in classrooms and show promising resultsnipacting students performance. For
example, offering extensive video motion analyssndnstrations over an extended period of
time (R. J. Beichner 1996) to introductory physstsdents showed that all students performed
better in interpreting kinematics graphs than stiglén traditional instruction classes. A study
on using computer simulations (N. D. Finkelsteiral. 2005) demonstrated that substituting a
computer simulation for real laboratory equipmest to outperformance among students who
used the simulation (simulated light bulbs, metars] wires) compared to students who used
real equipments (real light bulbs, meters, and syir€lickers also have been used in large
classes in assessing student’ opinions and unddrstg and increasing student involvement and

instructor-student interaction (J.E.Caldwell 2007).

1.2.7 Evaluation of Specific Instructional I nterventions:

A large number of pedagogies have been develbpedd on (PER) to improve teaching
physics. Evaluating the effectiveness of these gegias was the goal of this field of (PER). Jeff
Saul (Jeffery S. 1998) , for example, compareaditional calculus-based instruction with

the University of Washington’s Tutorial wivw.phy.washington.edu/groups/peg/tut.htmi

University of Minnesota’s Group Problem Solving &oBlem Solving Labs (P. Heller & M.
Hollabaugh 1992) &(P. Helleet al. 1997), and Dickinson College’s Workshop Physics
(http://phsics.dickinson.edu/~wp_web/wp _homepage)ntifhe (FCI) & (MPEX) mentioned

earlier were used as part of the research methgatsin the comparison. The main results of the

study suggested that the research-based methodwnaee effective in improving conceptual



understanding, and showed relatively improvemerstudent’s expectations than the traditional
method. In another study, Interactive lecture Destraions (ILDs) were evaluated (D. Sokoloff

& R. Thornton 1997) and have been found to be gapgessful for teaching physics concepts.

1.2.8 Instructional Materials:

In its attempts to make teaching and learning igkyshore effective, the (PER) community
produced includes research-based textbooks andesa@pts that are now widely used. Physics
by inquiry Physics by Inquiry, Lillian C. McDermottet al. 1996) is a model for these books.
The book is a result of more than 25 years effothe Physics Education Group at UW. It is a
set of laboratory —based modules providing smaaitioduction to physics and physical science.
Physics for Science and Enginedphysics for Scientists and Engineers, R. Serwayet al. 2000)
is one of the first physics textbooks with a stetbased on (PER) findings. Also, Knight's
textbook of the same namehfysics for Scientists and Engineers, 2004) is the most widely used
PER-based text.

1.3 Thefocus of thisWork:

As mentioned earlier, the motivation of (PER) at¢ tniversity of Washington was the
recognition of students’ difficulties with basic reaepts in physics .Consequently, the Physics
Education Group at the university started invesitigathe roots of these difficulties. These
investigations along with others around the US wmehind all the above reported numerous
innovations in all research areas of (PER) thattéedignificant improvement in teaching and
learning physics. As such, recognizing “what is mgdis a necessary starting point for drawing
the ways to the solutions. Since my goal when cingoBducation Research was implementing
the findings of (PER) in the US to improve the ayabf teaching physics back home, having a
tool to diagnosis the current instruction then leating the planed one was apriority in
achieving that goal. The Translated Conceptual &uof Physics (TCSP) was the invented tool

for our purpose.



CHAPTER 2
METHODS

This chapter is devoted to explain how the Traesl&@onceptual Survey of Physics (TCSP)
was designedranslatedand validated. My intension to use the (TCSP) Wamke in Libyan
schools suggested two thingrst, rather than writing it from scratch; we wducombine
guestions from established tests that have besedtésr its validity and reliability ( see below
the definition of a test validity and reliabilitysecond, we constructed the test to cover as much
as possible of physics introductory topics by chmpgjuestions about force and motion, and
electricity and magnetism — that are appropriatenfisoductory physics students back home.

Validity and reliability are two overall meass of a test qualityvalidity is an estimate of
how well the test measures what it attempt to meag@ee (Maloney, Det al. 2001) for more
details on this)Reliability is a measure of how consistent the test under ahee onditions
(see the above reference).

2.1 Questions Selection:

The test consists of 31 questions. Questions 1f&5ira Newtonian mechanics, while
guestions 16-31 are in electricity and magnetisoesfions 1&2 and questions 7-15 are adopted
from (FCI), with a minor change in the wording béffirst line in Q 1 in attempt to make it more
clear in response to our students interviews. Ques3-6 are constructed based on ideas from
guestions 14-21 & questions 22-26 in the (FMCS)esdons 16, 17, 30, and 31 are adopted
from Conceptual Survey in Electricity and Magneti@SEM) (Maloneyet al 2001), with the
answer option (E) in questions 16& 17 is changemmfr‘other” to “none of the above”.
Questions 18-29 are adopted from a Brief E &M Assent (BEMA) (Chabay & Sherwood
1997), with questions that have more than five amswptions were reduced to 5 options (A-E).
Tables 2.1 and 2.2 below show the mechanical akdvEconcepts included in the test.

2.2 Trandation Process:

When translating the survey to Arabic to use it to ass#adents back home, three aspects

was considered; the first aspect is related tdadpies that are covered—as mentioned above-



Table 2.1: Newtonian concepts in the test:

M echanics Concepts Test Item
1. Kinematics:
Graph interpretation (Velocity & Q3-Q6.
Acceleration).
Velocity discriminated from position. | Q12.
2. First law Q8.
3. Second law :
Constant force. Q1 &Q13.
4. Third law. Q2, Q11 &Q14.
5. Superposition principle:
Vector sum of velocities. Q9.
6. Kinds of forces: Q7, Q10 &Q15.

Table 2.2: Electricity and magnetism concepts engtirvey:

E &M Concept Test item
1. Coulomb’s law:
Force & charge. Q16.
Force & distance. Q17.
2. Electric force on a point charge. Q18.
3. Magnetic force :
on a point charge. Q24 &Q25.
on a neutral metal bar. Q30.
From a carrying current wire. Q27.
4. Polarization of dielectric materials. Q19.
5. Gauss’s law. Q23.
6. Magnetic field due to carrying curregntQ26.
loops.
7. Capacitors. Q21.
8. Potential deference. Q20 &Q22.
9. Faraday’s law. Q28, Q29 &Q31.

which have to be appropriate for students backhadvhast of the topics in the survey are
introduced in High school and then are taught ag&anmore depth- in introductory physics
college classes. The second aspect is the worditinge @roblems. When considering this aspect;



all physics concepts and other scientific concaptihe problems are translated to the familiar
Arabic concepts that are commonly used in classsodhere. For examplée,Velocity is
translated tae = ", "Potential deference tasl 34", “Exerts toss ", and etc. Under the
second aspect also, the notion of keeping the winelgning of the problem in Arabic as it is in
English , which is different form translating wobg word. The third aspect is the situation in
which the problem is introduced. The situations hablems involve, such as a trucalliding
with a compact car, a women pushing a box, a prottand electron passes through a region of
electric/magnetic field, etc.. are all familiarugtions in both cultures and should not affect
attempts to understand the problems. Thereforehanges of this sort have been made to the
problems, with the exception of problem 9, whereoakey puck is used as the object in the
guestion. But since “Hockey” is not a familiar gammeLibya; the term “metal disk” is used

instead to avoid any confusion.

2.3 Test Validity:

As stated previously, the questions in the tesadopted form tests where a considerable care
was taken to establish the validity and the reliighfR. K. Thornton& D. R. Sokoloff 1998) &
(Ding, L. et al 2006). Even so, we interviewed four students (thteglish speaker students &
one Arabic speaker student) to make sure that @®PTas written was being clearly interpreted
— especially for questions 3-&ach interview was around an hour long. Studends e
guestion then explained what they thought it wdsngsabout and, if appropriate, made some
suggestions about the problem text that would nitak®re clear for them. In general, and when
the whole question was read, students showed amerstadding of what they were asked -
whether they got the right answer or not. Tow & English speaking students exhibited a good
interpretation in a short time of most of the qimes and a successful recalling of the relevant
physics contexts when deciding which the right aerse. However those two students stopped
for a while at Q3. By reading the introduction t8-Q6 and looking at the graphs students were
confused and struggled in understanding what tlestqans are asking, and they suggested that
the Y axis should be labeled. But once they reada@dl saw the “big picture” they were not
confused any more. The third English speaker stusleent longer time-relatively- in reading
most of the questions and trying to understand th&nt. Beside the same confusion about the

Y axis in Q3-Q6 he also seemed to be hesitant ahterpreting some physics concepts in these



guestions such as “speeding up at steady rategitlasr constant speed or constant acceleration.
Even when he made a correct interpretation, heatediin deciding the relevant graph. The
confusion Q3-Q6 caused before reading the wholstomresuggested adding the statement “read
the whole question before answering” at the enthefintroduction to the mentioned questions.
A minor change was made to Q12 too by labeling Wwhg block A and which is block B.
students suggested it would facilitate understapdire associated figure. The wording of the
rest of the Newtonian mechanics questions and &bl uestions did not seem to cause
students to trouble with interpretation.

The fourth student was a native speaker of igrade was interviewed with the translated
version of the survey to see if the Arabic texttlod problems is clear. None of the problems
caused confusion for the student, and the studemégoretation matched the interviewers. Some
comments were made regarding some concepts théat imégtranslated differently in different
Arabic regions such as Acceleration which couldtfagslated td'is<" or "g ,Li", Capacitor;
could be translated t6—iS«" or "i=.is". However, other words in the problem text or the
associated figures make the meaning of such conoégdr. Hence, the whole problem was still
understood.

10



CHAPTER 3
DATA ANALYSIS

The (TCSP) was administrated to PH100 & PH200 stigdat the CSM as a pretest, before
any classroom instruction. The PH200 pretest carcdmsidered to be nearly equivalent to a
PH100 posttest. Below is a description of the nnesbgnized features in students’ answers and

the statistical techniques used.

3.1 Data Analysisfor PH100 students:

The collected data can be looked at based on eliffeaspects. Our first comment on the data
was based on the number of students who got thé aigswer for questions that cover the same
concept. Some features were noted under that aispihet Newtonian mechanics part as follow:

for Q2, Q11 & Q14 which cover Newton’ third law in different situafis; more than half of
students (51 out of 78) chose the option thaest#iat “the truck exerts a greater amount of
force on the car than the car exerts on the trdok’Q2 —where both the car and the truck
collides ahead. While on Q11 — where the truckushed by the car- more than half students
went with the option “the amount of the force withich the car pushes on the truck is greater
than that with which the truck pushes on the tru Q14 almost half students answered that
the student with the greater mass exerts greatee fan the other student. These answers seem
consistent with common misconceptions identifiedthoy (FCI) in table Il in (D. Hestenes al
1992).

OnQ3-Q6 which covers velocity and acceleration graphs; ntbaa half students population
(62 out of 78) got the e right answer (e) for bailestions (Q3&Q5) which is asking for
selecting a velocity versus time graphs. On Q4 &@ch are looking for acceleration versus
time graphs; even though students who got the ragtgwer were more than half students
population on Q6 and a little less than that on fQdre were a considerable number of students
who chose the options that would be the right an$arecach question if the required graphs are
velocity versus time (that might reflect situatimfaot reading the question carefully).

Q10& Q15 which test students understanding of gravitatidoate, air force and force

received by a hit (an impulse). More than half stud’ choices on both questions might reflect
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another common misconception- that a force revivea hit is still acting on the object even
after losing contact.

Q13 covers Newton second law. More than half studehtse that “the force exerted by the
women is grater than the total force which redisésmotion of the box” most likely interfering
that from the motion of the box — again another c@n misconception.

Students’ answers to the E &M part -in generdb-not reveal any thing specific, since it was
distributed randomly between the choices (as oneldvexpect from a pretest). Only @il6
which covers Coulomb law ar@23 which covers Gauss’ law did more than half of shedents
get the right answei66 & 40 students respectively). @17 which also covers Coulomb law
more than half students chose the option thataeftat the relation between the force(F) and the
separated distance (r) isq¢A/r) instead of (fe 1/r"2).

3.2 Data Analysisfor PH200 Students:

In this section the features observed in (100) RH&Odents answers are stated along with a
comparison with PH100 students’ performance on s$hene questions (a more accurate
guantitative comparison is in the next section).

Q2,Q11 & Q14: most students got the right answer on Q2 & Q14 ,evhiore than half
students got the right option on Q11. A considerabhimber of them chose the option that the
car exerts a larger amount of force. This reveaisasurable improvement comparing to PH100
students’ performance.

Q3-Q6: better performance than PH100 is noted on thisgad questions -wheragain most
students got the right answer.

On Q10 &Q15: almost the same number of students (74 & 75 stsdent Q10 &Q15
respectively) selected the correct option, whilestrad the rest went with the option that counts
for the force received by the hit. This performarisealmost opposing PH100 students’
performance on the same questions.

OnQ13 even though more than half students (54) got thheecbanswer, a considerable
number of them (38) selected the option that stht&sthe force exerted by the women is greater.
On the E & M part only on questiori$ & 17 most students answered corredipi &68

students for each question respectively).
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OnQ19 more than half students think that the rubber stvlehot be affected by the charges
on the wall since it is an insulator. Looking backPH100 responses to this question will reveal
some thing interesting, where more than half sttedafso were distributed between the two
choices that state that rubber sheet will not lbectdd either because of the above reason or
because it has a zero net charge.

Looking only at the number of students who fw correct choice for the rest of the
guestions might not be statistically meaningful,eveh that number was in the forties for
guestions20-23. Also for Q24,025 & Q30 andQ28 & Q29 -where answering correctly will
require recalling the same concepts and formulaseéch group- the number of students

answering right was not statistically meaningful.

3. 3 Statistical techniques used:

We used a two-tailed z-test to compare the medneaiwo populations (Neil A. Weiss 1995).

The purpose of using the z-test is to test yy@othesis that (PH200 students perform better
than PH100 students in each of the two parts ofasig based on the data collected from the two
samples.

The mean (x) and the standard deviatioh df each sample in each part of the test were

calculated using Excel as shown in table 3.1.

Table 3.1: The mean and standard deviation for PHt@ PH200 students

PH100 PH?200
M echanics x1=17.231 x2=10.97
cl=2.941 62 = 3.145
ni=78 n2 =100
E&M x1=4.167 x2=5.26
c1=1.418 c2=1.835

From table 3.1 and using the formula:

Z = (x2) I (012 M) + (62°2/ n2)) (3.1)
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The value for the z- test statistics for the medatgpart is:
Z <0.001

This is the area under the standard normaliliigion of the difference of the sample means
(x1 -x2) that corresponds the value calculated from equdBdl) — the P value. P value can be
obtained from Table Il in (Neil A. Weiss 1995).

For the E&M part Z is also < 0.001. This medrss test results (for both parts) are statistically
significant and PH200 students did perform betterboth parts than PH100 students. This
performance was expected on the mechanics parevitté200 students have taught the relevant
materials prior taking the test, but PH100 studéaige not. While on the E&M part where both
groups was not taught the relevant materials geking the test , it might be surprising that
PH200 performed better- even though the differamas very small, and rendered significant
mostly by the very large sample sizes.
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CHAPTER 4
ONCLUSION AND POSSIBLE APPLICATIONS BACKHOME

This chapter is devoted to discuss the possiblécagpipns of the test back home in an aim to

improve the quality of teaching physics there.

4.1 Review of the Test Data:

Looking back to the test data obtained in chapgrit(can be concluded that the test runs
normally with out any surprising responses. Whéee responses of PH200 students —who had
taught the relevant topics prior taking the testiite Newtonian part, were based on mechanical
thinking and the students performed well. PH10@etds — who had not taught the relevant
topics-, based most of their answers (to the saar® pn common sense and performed
scientifically less well. On the E&M part, howevégth groups’ answers distributed randomly
between the choices — that is expected since botlpg had not taught the relevant topics prior
taking the test.

According to the above discussion — and takingdcount that the test questions were adapted
from known tests that were conducted widely ackdSsthe survey can be taken home to assess
teaching and learning physics there (where usicb surveys is rare —if surveys are used at all).
The next section discusses how the main applicatdrsuch surveys in US can be used back

home.

4.2 Applications of the Test Back Home:

The main goal of this work — as stated in chaptes Applying interactive teaching pedagogies
to improve teaching physics back home. It is thaulgat having a tool -to diagnose the current
situation and use to evaluate a suggested formstrfuction- would be the right step. Application
of the TCSP while teaching college physics camiaéiriee categories (D. Hestergeal. 1992):

(1) As a diagnostic tool, the test problems and multiple choice answerewdessigned in a
way that stimulates common forms of student reagpninterviewing students will then be a
good way to learn how they think about the topied avay to uncover misconceptions.
Interviewing techniques for mechanics and E&M ia thS are well- established (L. McDennott
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1984). A challenge in conducting the survey bacik@éphowever, would be that most students
are not familiar with such surveys or interviewshisl suggested that students should be
familiarized with the test bgiving them previous similar test format and distung it in class. It
should be interesting to compare misconceptionsgstudents at US and back home.

(2) For evaluating instruction, hopefully, the TCSP would be a start of a serieotbir
surveys that assesses student’'s understandinghef physics topics to evaluate and hence,
improve teaching physics in general. Since the piesblems were taken from known tests that
assess student’s overall grasp of mechanics and,EfNhg the survey as posttest should be an
indication of how well a course was taugliollecting pretest and posttest data over a peiod
time from conducting such surveys — at the begmramd the end of both traditional and
interactive instruction- will reveal wealth infortn@n for research purposes. Quantitative
evaluation and comparison between the two kindsnsfruction should provide convincing
evidence that the performance differences betwearses is mainly a result of that instruction.

(3) As placement exam, the test can be used to determine how much studetdrstanding

and retention of introductory physics conceptsifficient for more advanced courses.
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CHAPTER 5
INTRODUCTION TO TWOHPOTO EXCITATION
FLUOREBNCE MICROSCOPY

Because of its properties, two photon excitatiolwfescencd PEF microscopy is the preferred imaging
approach in life science. Safe and deep imagingpodb 1mm in living animals and intact tissues basn
done. Advances in the techniques of implemenTifiEF microscopy in imaging living moving systems

will benefit the field of biology and biomedicalsearch.

5.1 What istwo photon excitation fluor escence (T PEF) microscopy:

TPEF microscopy is based on the idea of two photonsgér wavelength being absorbed in
a single quantum event by the fluorophore moletwlemit a fluorescent photon at higher energy
than either of the absorbed photons. The phenoraeh&o photon absorption was predicted in
(1931) by Maria Goeppert Mayer, but was not obsknwetil (1961) (Kaiser& Garrett), after the
invention of laser due to the high excitation irsiéyn requirement. The first utility of PEF in
laser scanning microscoySM was in (1990) by Winfried Denk. Since TiPEF two photons are
being absorbed simultaneously, the transition dridiha depends on the square of the excitation
intensity. Focusing and the use of a pulsed ldkerefore, increase the probability of two photon
absorption, and mak@$PEF microscopy possible. A mode-locked titanium sapplili: Sapphire)
crystal laser —that produces pulses of (~100 feettond) duration for each, and at repetition rate
(~80 MHz) is the most common used lasef REF microscopy (or in multi photon microscopy
MPM in general) ,with excitation wavelength in the ned&raredNIR range (750 -1100 nm).

The squared dependence of the excitation probabititthe excitation light intensity is essential
for the localized nature GfPEF microscopy, resulting in photobleaching and phatodge that is
restricted to the focal plane. In contrast to ohetpn excitation microscopy, where bleaching
occurs through the focal volume. Localization o€igation also provides 3-D resolution with no
pinhole is required. This means scattered photalishet be blocked, and will contribute to the
signal, increasing image quality. TR wavelength regime is scattered less than the eshort
wavelengths used in confocal microscopy and hepeeetrates deep in tissuelQ0 um), and it
has been used to image to depths of up to (Lmmmgéowavelengths are also more tolerable to

living systems. These advantaged ®EF microscopy is behind its preferable use in lgglo
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5.2 Applications:
The following sections illustrate a summary loé tapplications of PEF microscopy in some
areas of biology, showing how these areas benefiteoh the advantages of this nonlinear

fluorescence microscopy.

5.2.1 Developmental Biology:

The utility of TPEF microscopy in many applications of developmenialdgy has shown
better results than conventional microscopy. Lire@gcing of sea Urchin embryo (Summetral.
1996) was the first example of usingPEF for lineage tracing. In this study the caged dye
(fluorescein-dextran) was uncaged using two phetantation microscopy which was less damage
to embryos than physical or electrical perturbation

Also, an evaluation ofTPEF versus Confocal and digital deconvolution fluosrsme
microscopy imaging in the frogenopus morphogenesis (the biological process that caases
organism to develop its shgp@eriasamyet al. 1999) has shown significant advantage3 BEF
compared to the other two techniques in terms @fgencontrast and the absence of background
fluorescence.

In another study of deep genetic analysisanicpeatic development (Huasgal. 2001),TPEF
was used to generate 3-D reconstructing imagedivimg zebrafish embryos -which has been
established as a popular vertebrate model. These weme examples of applyingPEF

microscopy in developmental biology in an efforatbdress unanswered question in the field.

5.2.2 Calcium Imaging:

Thehighly localized photorelease of caged compoundsh :sCa2+- associated witd PEF
( Denket al. 1990)has been used to study cell signals as well ageivelopmental biology. This
is especially of great importance in scatteringues —like brain tissues, where the less scattered
NIR long wavelengths penetrate deep even within sashds. Using PEF in imaging cerebellar
Purkinje cells, it was proved that the fundamentat of neuronal integration is the single spine
rather than the spiny branchlet (Degtkal. 1995).This is crucial for neuroscientists to untserd

neuronal activities.
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Mainen and others (Mainegt al. 1999b) described the use ®PEF to image transients
increases iNCa2+ concentration in postsynaptic receptors in a sirgpine for a direct test of
receptors saturation. They imaged fluorescencaianin rat hippocampal slices to show that the
receptors are not saturated by a single releagkitaimate molecules from a vesicle.

In intact retina]T PEF microscopy- in contrast to conventional microscoygs used as a safe
technique to measure calcium concentration tratsianthout blocking visual stimuli due to
excitation of photoreceptors. Consequently, thiabées researchers to study calcium signals
induced by natural stimuli (Derdt al. 1999).

It is worth to mention that intracellular cale signals are important in understanding
functional state of cells, and the measurementhegd signals witif PEF requires synthetic

calcium indicators via electrodes.

5.2.3In vivo Imaging:

With its deep penetration and localized natlifREEF microscopy has become the tool of choice
for imaging inside living whole animals. This givée advantage of studying cell functional and
developmental changes in their natural environmleraddition to some of the above examples in
developmental biology and calcium imaging that wel@ne in intact animals, below are
illustrations on a couple more.

In a study of capillary blood flow in olfactobulb glomerulj Wistar rats were scanned with
TPEF over the desired region with the aim of understagdihe coupling between neuronal
activity and cerebral blood flow. Two photon miatopy allows the measurement of red blood
cell flow with high spatial and temporal resoluti@haigneauet al. 2003).

In another example- among neurobiology, peoton imaging was used to demonstrate that
hippocampal long-term synaptic plasticity is asated with dendritic spine changes. Using this
novel technique enables observations of postsyndptidrite to the level where synaptic changes
occur (Engert & Bonhoeffer 1999). Also, long temmaging of living mouse by PEF was done
to understand long term changes in adult and dpirejcanimal spine (grutzendletral. 2002).

The high 3-D resolution @fPEF microscopy plays an important role in its utilitypathologies

for better understanding and hence, treatment gegpdvieasurements of gene expression and
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physiological functions deep in individual tumorllsehave been shown using the two photon
imaging approach. Microscopic structures that camsed in diagnosing Alzheimer disease were
imaged up to (15Qm) in living mouse using PEF. These images were used to observe the effect
of immunotherapy on the disease (Bacskai. 2001).

5.3 The Focus of Thiswork:

The introduction o PEF to the field of microscopy has its significant adtages especially
in imaging thick tissues and living systems. The atshort laser pulses is an important factor to
obtain sufficient signal. Currently, self-mode-leck titanium: sapphire (Ti: Sapphires) laser
(Spenceet al., 1991) is the common excitation sources T®EF microscopy. The wide range
(~750- ~1100) provided by this source gives an actessost fluorophores used in biology. A
limiting factor of TPEF microscopy, however, is the cost of the excitagsoarce ¥ 150,000 $
(Denket al. 2006). Mode locking techniques were introduced¢ok on this issue, but they were
either complicated, still expensive, or not of pie application (Keller, 1994).

Even though short pulses increase the prolabilitwo photon absorption-as stated previously,
relatively short pulses (>100 fs) may result inugravelocity dispersion (GVD) .This effect reflects
the fact that short pulses consist of wide rangavafelengths that travel with different speeds
within the microscope optics. This leads to a durpulse (pulse that is longer than the original
pulse).Group dispersion can be compensated-ifwbigh the effort, or if conventional microscopy
is limited by the depth or by its damage to thegl@ under investigation- by pre-chirping using a
prism or grating arrangement (Fatkal 1984).

Although confinement of excitation to the focplane in TPEF microscopy restricts
photobleaching and photodamage to that plane, daraag bleaching may be considerable for
some fluorophores that bleach more easily, or wthere is a high concentration of fluorophore
molecules. Photodamage and photobleaching asstciatth TPEF microscopy has been
extensively studied, see for example (Hopt, A.& BlehE. 2001)and( Paterson, G.H. &
Piston,D.W 2000 ). It is important to understand tiroperties of the biological system under
investigation, and minimizing excitation intensiéd much as possible for safe useT®EF
microscopy.

Aberration is another effect that presentslfitsm TPEF microscopy. Aberrations result from

focusing through layers with different refractivedexes, like imaging in thick tissues. This
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prevents tight focus of the laser beam which, cgueetly, degrades image quality, and lower
excitation efficiency. Adaptive optics have beeredisn different strategies to correct these
aberrations. Some of these strategies involve cosgi®n of specimen-induced aberration within
a specific depth (Niel, M.Aet al. 2000), or others for dynamic compensation of atiern, which
can correct aberration during scanning within défé depths (Sherman. kt al. 2002). Also,
water-immersion objective lenses have been useaload aberration in aqueous specimens (A.
Egner & W. Hell 2006).

In addition to the above mentioned limitatiasfsT PEF, its powerful use for imaging living
systems introduces another challenge, which isrbi#on of these systems. The Remote focusing
technique- that has been introduced as an alteenttithe mechanical movement of the specimen
relative to the objective lens, when optical sethg from a rang of focusing depths is required
(J. Botcherbyet al. 2007) - could be coupled to a microcontroller witdo develop tracking

system that keeps the focal plane stationary, wisithe focus of this work.
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CHAPTER 6
REMOTE FOCUSING TECHNIQUE

This chapter is devoted to review the state ofrémote focusing technique and summarize
the description of a remote focusing system thatthviigk, by receiving electric feedback; can
track a desired focal plane within a living, moviagimal. But first, a description of other

focusing strategies —that led to the need of sechrique- is given.
6.1 Refocusing Techniquesin Microscopy:

Generating 3-D images of a desired biological sgste a powerful aspect of confocal and
multiphoton microscopy as these images reveal dtwvefiinformation about the system under
investigation. A series of images from differentudsing depths are generated via refocusing the
microscope .These images are then processed amp@uter to obtain three dimensional image.
Since for high numerical aperture (NA) microscopesfocal plane and the image plane are well
defined, refocusing the microscope cannot be dgnmdwving the detector along the optic axis.
Instead, refocusing techniques that have beendated involve changing the distance between
the objective lens and the specimen. Below is abaghtion on some of these and drawbacks
associated with them.

Callamaras ( N. Callamaras & |. Parker 199%)structed a real-time laser-scanning confocal
microscope that allows axial (x-z) imaging usingpi@zoelectric focusing unit ( P-721.10;
Polytec PI Inc.) to focus the objective .Even thotige system was simple and easily built, the
axial scanning speed is still limited by the objeetinertia. Also, the movement near the
specimen might disturb it.

The high speed focusing requirement was behnuodhar focusing technique that relies on a
lens that changes its shape. One of the studiésislea this concept and was able to achieve 1-
KHz bandwidth was introduced by (H. Olai al 2004). A lens that deforms its shape by a
pressure applied to a transparent liquid was uskdough 1-KHz bandwidth is an adequate for

high speed focusing, this method suffered from raiens.
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In another study aiming to refocus remotely, aroelecromechanical MEMS mirror was
integrated into a high speed optical coherence tpaphy (OCT) system by (B. @t al. 2004)
to design a system that can be used to shift tbesfplane of the sample beam simultaneously
with the depth scanning of the coherence gate. Wghimprovement to the image quality that
researchers demonstrated, they anticipated thahdrgasing the system NA and the MEMS

mirror deformation, the system will be compatiblghaendoscopic imaging.
6.2 Remote Focusing Technique:

An alternative focusing method, that overcame nobdghe above mentioned problems, was
introduced by (E. J. Botcherl®y al 2007). Refocusing in this method is implementedatethy
without mechanical movement near the specimen savaids aberration and shifting the
specimen which may affect the process under iny&tstin. It also enables axial scanning speed
on the order of milliseconds. Figure 6.1 showsdatahitecture of a remote focusing system. The
system comprises of dmaging system that is built using two microscopgesck to back — with
two high matched NA objective lenses (L1, L2) awd aichromatic doublet lenses.

) L1 BS I.2

A 1,
— y
Y

O |

EFP

&1

Figure 6.1: Remote focusing microscope (Image tdik@an (E. J. Botcherbgt al. 2008 b))

The magnification factor of thef #maging system has to be:

Mp2/ p1 = Sinal/Sin o2 .1
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Wherep1&p2 are the normalized pupil radii of L1 & L2 and & a2 are the semi aperture
acceptance angles of L1& L2 respectively. Thisaystepresents a perfect imaging system with
a unit magnification factor (E. J. Botcher&tyal 2008 a) where any aberration introduced by L1
is canceled by that introduced by L2 when focusintp different depths within the specimen.
As a result, a diffraction-limited image will berfoed at the focal plane of L2. Detecting this
image, however, requires a detector with a resmiuthat is a fraction of a wavelength. So, a
third microscope is used to magnify this image. Phene mirror m1 shown in figure 6.1 is
mounted on a piezo scanning stage and placed &dhkplane of L2 to reflect the image back
into L2 which in this case works as a part of thiedt microscope. The beam splitter and the
guarter wave plate are used to further direct #lys.rRefocusing in this system is carried out by
changing the axial position of m1 (moving mltowaal distanceAz will shift the focal plane
deeper in the specimen byZ = (2re/n1) Az). Since the mirror lies in the focal region of, li2
can be very small which allows high axial scanrspged comparing to moving the specimen or

L1, and further it is done without introducing ata¢ion or disturbing the specimen.

6.3 Measuring the Point Spread Function:

In this section, the definition of the posmread function (PSF) is introduced. Then followed
by the results for the measured (PSF) once fosteBythat refocuses using traditional technique,
and another for a system that refocuses usingateremote focusing technique.

In a perfect imaging system, each single poitie object space re-converge to a single point
in image space (E. J. Botcherblyal 2008 a). However, in real imaging, each point ¢ th
objective is replaced by a blurred point (or ardiétion limited spot) in the image plane. The
(PSF) is the image of a single point (i.e. PSFhis diffraction limited spot) (Periasangy al
1999). Since the (PSF) describes the blurring ofveage that is introduced by the microscope,
measuring it would be a key metric of microscopdgremance.

For the traditional refocusing method, tlefocal configuration shown in figure 6.2 was
used (E. J. Botcherbst al 2008 a). The system comprises of an objective m{ivii) placed a
distance (z) from the focal plane of L1, an OlymdudNA 60x oil immersion objective lens
(L1), an achromatic doublet tube lens with focaigln 160 mm, CCD camera, and a beam

splitter. Refocusing was done by moving the dete@&€D camera) axially. The measured (PSF)
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for different positions (Zc) of the CCD camera iown in figure 6.3a where the effect of the

spherical aberration can be clearly seen.

N:] | % i CCD
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Figure 6.2: Traditional refocusing method (Imadetafrom (E. J. Botcherbst al. 2008 a))

For the remote focusing technique, the samteByin figure 6.1 was used (E. J. Botchezby
al 2008 b). Where L1 with the same characteristicatawve, L2 is an Olympus 0.95 NA 40x dry
objective, the first two tube lenses are achromadigblet with focal length 160 mm each, and
the third tube lens is an achromatic doublet wattaf length 200 mm. The (PSF) was measured
again for each position of M1 in figure 6.1, ane timeasured (PSF) is shown in figure 6.3b.
Comparing this to figure 6.3a it can be seen thertet was no a significant affect of aberration on
the shape of the PSF when focusing onto defergathgé¢-30, -20, -10, 0, 10, 20, 30).
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Figure 6.3: PSFs measured for system refocuses(&)aTraditional technique,(b) Remote
focusing technique (Image taken from (E.J. Botch@®08 a)).
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CHAPTER 7
INTRODUCTION TO MICROCONTROLLERS

The electric feedback that will be sent to the refocusing system —as mentioned in chapter
6- is regulated through a microcontroller. This kvases the Arduino platform for prototyping
which features the Tmega328microcontroller. The advantage of this systenh& tt is entirely
open source. Programming is achieved through Ohgattirough an intuitive interface based on
the processing environment developed at the Massattls Institute of Technology. The basics

of the microcontroller are described in the follogisections.

7.1 Arduino Uno Board:

There are many types of Arduino boards with différeatureghttp:// www.arduino.cc ).

Arduino Uno revision 2 is the one was used in thisk. Arduino Uno is the latest revision in
the series of USB Arduino boards, and it featuhes ATmega328nicrocontroller. As shown
below in figure 7.1the board has 14 digital pin§@-that can be used as input/output using
pinMode(), digitalWrite(), and digitalRead() furats — 6 of these pins support pulse width
modulation (PWM) output (see below), 6 analog ispd0-A5), a 16MHz crystal oscillator,
USB connection, power jack, In-Circuit Serial Pramgming( ICSP) header (see the
programming section), and a reset button.
In addition to input/output, sowfehe 14 digital pins have other special functisash as:
Serial communication: Pins 0 & 1 can be set to receive and transmit Isdsi.
External interrupts. Pins 2 &3 can be used as interrupts. Interruptdblentne Arduino to
monitor an external event and automatically retirm@oing its normal program. The function
attachinterrupt()-which takes 3 parameters - isduB® this purpose. The first parameter
determines which pin (2(interrupt 0) or 3 (interrdp)) to monitor. The second parameter is the
location of the code that is needed to be exeouteld monitoring the event. The third specifies
what type (mode) of trigger to track (low valud]ifey or rising edge, changing value).
PWM 3, 5, 6, 9 & 10. These pins can provide an analog output usinggigabsignal can be
done by controlling the time that the signal sgeod (5 volts) or off (Ovolts)(i.e. modulating the
pulse width). If that is repeated fasbugh, the result will be a simulated voltage leetwv(0 V)
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Figure 7.1: The Arduino Uno board.

(0% duty cycle) and (5 V) (100% duty cycle) assthated in the plot below in figure 7.2. The
output value can be set using the analogWrite r{¢tfan. The function takes 2 parameters; the
first determines which pin is used, while the secparameter takes a value from 0-255.

Even though thanalogWrite function can change the time that signal spendsranff, there
is another factor that controls how fast PWM isafTis the default frequency for each pin, which
is around 1000 Hz on pins 5 & 6 and about 500 Hzhenother PWM pins. Changing PWM
frequency is achieved via controlling three timense timer for each pair of PWM pins. Timer O
is used to control pins 5&6, timer 1 is used totoarpins 9 & 10 and timer 2 is used to control
pins 3 & 11. Each one of the three timers has fipesettings (i.e. frequencies). The format of
the function used for this purpose is as follows:
TCCROB = TCCROB & 0b11111000 | (setting); for pii& 6. Where the settings can be
0 x 01 to 0 x 0 5 with each one indicating a défarfrequency.
TCCR1B = TCCR1B & 0b11111000 | (setting); for pth& 10. With settings from 0x 01 to 0 x
05.
TCCR2B = TCCR2B & 0b11111000 | (setting); for ph& 11. With settings from 0 x 01 to 0 x
07.
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Pulse Width Modulation
0% Duty Cycle - analogWrite(0)
Sv

Ov

25% Duty Cycle - analogWrite(64)

T

Ov

50% Duty Cycle - analogWrite(127)

]

75% Duty Cycle = analogWrite(191)

LU U UL

100% Duty Cycle = analogWrite(255

I e

Sv

Figure 7.2: Pulse width modulation (Image takemfi@ww.arduino.cc/en/Tutorial/PWM

SPI: 10(SS), 11 (MOSI), 12(MISO) & 13(SCK). These pins are used by the Arduino-
which in this case is called Master- to communieath one or more peripheral devices —which
is called the Slave- or another microcontrollerciflyi over short distances. The Arduino uses
Serial Peripheral Interface (SPI) protocol for fheemmunications. Slave Select pin (SS) is used
by the master to select which device to communieatle. Master Out Slave In (MOSI) is for
sending data to the slave. Master In Slave Out QJIS for sending data to the master by the
slave. Serial Clock (SCK), is used to synchromiata generated by the master.

Some of the six analog pins have specializedtions as followsTWI: A4 SDA & A5 SCL.
These pins enable the Arduino to communicate with-wire interface (TWI) devices through
the data line (SDA) on A4 and the clock line (S®@) A5. The wire library is used for these

communications.
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Power pinsV.IN. If the Arduino is powered by battery, leads fronthe battery can be
connected to GND & VIN pins. If the Arduino is posed form the power jack, VIN can be used
to access this powék. When supplying voltage from USB connector, it dan accessed
through this pin, and it is a regulated $3/3V.This pin generates a regulated 3.3 volt supply.
GND. Ground pins.

In addition, there aréddREF pin, which is used to configure the upper value of thal@g
input range using the analogReference () functidre function takes one parameter that has
these options for ArduincATmega328: DFAULT 5volts for 5V Arduino board or 3.3 voltm
3.3 V Arduino board. INTERNAL, which sets the refece to 1.1 volts.

EXTERNAL, this option can be used if an extén@tage (0V-5V) is applied on AREF pin.
RESET pin. Setting this pin to LOW will reset the Arduino the initial state as defined by the

user supplied code.

7.2 Arduino Capability:

The Arduino board can be supplied with an extexudiage of (6-20) volts. However, the
recommended range is (7-12 volts). Working withiis tange will insure to not drop to less than
five volts when connecting to the 5 V pins, andesthe board against any overheating that might
occur when exceeding 12 volts. Each input and dygpucan provide or receive a maximum of
40 mA of DC current. While the DC current from & V pin is 50 mA.

TheATmega328-which is the microcontroller of the Arduino weeds runs at 16 MHz and
has a flash memory of 32 KB. 0.5KB of this memaydevoted for the bootloader that enables
you to upload a new code simply by pressing theaglbutton in the Arduino environment. It
has also 2KB of static random-access memory (SRAM) 1KB of electrically erasable

programmable read-only memory (EEPROM).

7.3 Programming the Uno Board:

Programming the board is achieved through the Aalusoftware. Instructions for
downloading the software are available on the Arduivebpage. The microcontroller we are
using ATmega32y comes with a bootloader in place, so you canagloeew codes with no

need to an external hardware programmer-as stht@ceaAlso, an external programmer can be
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used to program the board via the ICSP header.ilDébta this process are again available on

( www.arduino.cg).
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CHAPTER 8

CONSTRUCTING AND PERFORMANCE OF A PIEZO
CONTOLLING CIRCUIT

This chapter details the construction and perfoceaaof a circuit that controls a piezo
actuator. The piezo, which is driven by the MDT6%gee below ), is used to control the axial
position of the scanning mirror in the remote fongssystem —as stated previously in chapter 6.
Since we want to send an electric feedback toehete focusing system, we are supplying the
MDT694A via the Arduino through an appropriate ifdee that we constructed based on the
features of both the MDT694A & the Arduino.

8.1 Constructing the Circuit:

The MDTG694A piezo-electric controller is a singleaanel (i.e. controls a single piezo) high
voltage amplifier. It can provide both manual amteenal control of the piezo drive voltage. The
amplifier has an output voltage switch with threkestable ranges: 0-75 V, 0-100 V & 0- 150 V.
The input impedance K kQ, and the input voltage ranges from 0 to 10Mv.thorlabs.con).

Knowing these output/inpuipecificationsfor the MDT694A and that the Arduino can supply
voltage that ranges from 0 to 5V- as stated in ®@B, we know that to access the full range
(0-10 V) of the MDT694A when supplying via the Arda we need an interface with a gain of
2. We used a common emitter amplifier as an interfahich is shown below Figure 8.1:

ov

2(21% 1KQ
(to pin 9 on the : ot
Arduino)
4—

—
\in 1K9% — L o.uf to the MDT694A

Figure 8.1: Emitter amplifier and I(;w pass filtercait
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We see from the circuit that when:
Vin = 0 Volt (Turns Offf—> Vout = 1olt (Figure 8.2).

10V
Z.K%W
Vin = 0 ——0quf  Vout=10V
Figure 8.2: Vout = 10 V when Vin = 0.
While when:
Vin =5 Volt (Turns On)_,  Vout = 0 MdFigure 8.3).
10V
2.2K % . -
M=5YV —— __0.1uf Vout=0

Figure 8.3: Vout = 0 when Vin = 5V.

It is worth to note that the Resistor & capaicplay a filter role in the circuit. It is calleal

first-order lowpass filter where it tends to pass low frequency componentsrajett high

frequency components (in the Circuit performancetige, figures (8.7a&b) illustrate the

difference on Vout with and with out the filter)hd filter performance can be explained as

follows:

The transfer function of the circuit (H)) is defined as the ratio of the output phasorh t

input phasor:
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H(f) = Vout /Vin (8.1)
Knowing that the phasor of the output voltageyy is the product of the phasor current and

the impedance of the capacitor (Allan R. Hamble@&0we have:

Hh=1 1+i27RC) (8.2)

Hf =1 (L+if/fs), wherefs=U2rRC  (8.3)

Now, having the transfer function (and notice titats a complex quantity)(a complete
derivation is available in the above reference).ntiagnitude and phase can be calculated to see

how that affects Vout:

IH(f)] = 1/\J @+(iflfs) ™2 (8.4)
/ H(f) = - arctan {/ fs) (8.5)

Figure (8.4 a &b) show the plots of the magmhe and phase-respectively- of the transfer

function versus frequency (Allan R. Hambley 2008):

H (f
IH(12| , H®
A

1.0 0°

0.7 -45°

> I I >

0 B 2B 38 f -90 B a8 3B f
Figure 8.4: (a) The magnitude of the transfer fiom;t(b) The phase of the transfer function
(Image taken from (Allan R. Hambley 2008)).

It is seen from the plots that for low frequesscithe magnitude of the transfer function is
approximately one and the phase is almost zera. fieians low frequency components pass the

filter to the output with out a considerable changéile for high frequency components in
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contrast, the magnitude of the transfer functioprapches zero and the phase approaches (-90).
Thus, high frequency components have amplitudeishatuch smaller than the input amplitude
and they are phase shifted as well.

The circuit was connected to the Arduino as shamvfigure 8.5. A light sensor (light to
frequency converter LTFC) SL235R was placed on the Arduino and connected as shown i
figure 8.5. Thel SL235R combines a silicon photodiode and a current tqueacy converter on
a single integrated circuit. The device can be Begpvith a voltage ranges between 2.7- 5.5V,
and responds to the light over the wavelength rg8g8@- 1050 nm). Its output is a square wave
with frequency proportional to the light intensityncident on the photodiode

(www.sparkfun.com/products/97%68y connecting the Arduino to a computer and dloadi-

ng the code - which is constructed to make the ha@sense the light and map it to a voltage via
appropriate functions — the desired range (Vout-£@volts) was obtained and demonstrated on

an Oscilloscope. The following section details ¢iveuit performance.

GND 10V
AREFO o @
| GNDO
130
@ |Reset
0|33 ~110O
@5 ~108 % 2.2KQ 1KQ to the MDT694 A
©|GND ~6 >
©|GND E —
@ |Vin
|| — 0.1uf
L 7|0
-0 L
o|Ao0 ~ 0 —
olA1 O
O|A2 ~[ TSL235R
O|A3 20
Oo|a4 10 N R
O] A5 0|0 - -

to the MDT634

Figure 8.5: Piezo controlling circuit.
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8.2 Circuit Performance:

Before connecting the circuit in figure 8.5 to thezo controller, the output voltage was
demonstrated on an oscilloscope to insure accessegvhole rang (0-10 V). Explaining the
circuit performance can be achieved via going tghotheC code — that was downloaded to the
Arduino via the USB connection - as follows:

The first segment of the code declares the blasaused in the code (either as integer or long

which take different range of numerical values (see&v.arduino.cc/en/reference/HomeP afips

details on data type)):
int count2=0;

int Val,

Volatile long count = 0;
int threshold = 5000;

int transistorpin =9;
The second part of the code is the setup ( hogeivhich runs once (when the sketch starts):
void setup ()
{ Serial. begin (9600);
attachinterrupt (0, MylRQ, RISING};

pinMode (transistorpin, OUTPUT};
TCCR1B=TCCR1B&0b11111000|0x0%;

This program watches pin 2 for a rising edgeul@gde change to falling) provided by the
photodiode. This means watching for a voltage cbayaing from logic low (0) to logic high (5),
which will happen because of changing the ligh¢msity on the photodiode. When this happens,
the function MyIRQ is called and the code withinstfunction is executed (as explained in
chapter 7) and the variable count is incrementé@. grogram then returned to where it was in

the loop.
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The loop () method runs continuously:

void loop()

{

count2=int(count);
Val=map(count2,0,threshold,0,255);

analogWrite(transistorpin,Val);

Serial.printin(Val);

count=0;

delay(100);

return;

}

The map function in this loop will scale thewalfrom the sensor (count2) to the desired range
(0-255) which corresponds to voltage ranges frota B volts. This mapped Val will be put on
pin 9 (that was set as an output and connectedetéransistor). As a result the input voltage to
the interface will range from 0-5 V and will beugted as an output voltage ranges from 0-10 V
(as explained earlier).

The last part of the code is called interruptise routine for interrupt 0. The code within this
part works as explained in the setup method.

void MyIRQ()

{
count++;

return;

}

Figure 8.6 below shows Vout versus time as aletated on the oscilloscope before
connecting the circuit to the piezo, where we $eelinearity of Vout to insure accessing the
desired range (0-10 V). Figures 8.7a &b show VAmrisus time with out and with the filter

respectively, which illustrates the effect of thitef as explained previously.
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Figure 8.6: Vout versus time as obtained fromaselloscope.

Vout Vout
Voltage 4 Voltaga
10

L | [ 1 1 , Milisecond || » Millisecond

10 Time Time

Figure 8.7: The picture illustrates ¢\t) versus time: (a) With out the filter, (b) withe filter.

8.3 Conclusion and application to the field of microscopy:

Incorporating the circuit settings in figure 8.5am remote focusing system as shown in figure
8.8 will enable controlling the piezo via a sigitiat can be updated through changing the light
intensity of the laser beam. As stated previousig, main goal of this work is keeping a stable
focal plane of a system under investigation. This loe explained as follows:

The moving animal (or system) under investmatis represented by a circle in figure 8.8.

When the system moves the light intensity of treeiabeam will change (decrease or increase
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based on the movement away or toward the objetdive®. This change will be detected by the
photodiode and Vout will decrease or increase aagly (as explained in the previous section).
Since the piezo is derived via this voltage (Voui3 going to move away from or toward to (L2)
changing the axial position of (M1) hence, changimg position of the focal plane accordingly

(i.e. refocusing the microscope) (see chapter 6).

MDJ8sA

I
The interface circuit™ |——y—|

Arduino

The photodiode (not
the focus)
B BS M1 Piezo

The object O L 12 ) [=——

Lasef

Figure 8.8: Schematic diagram of the remote focusing mswope linked to the piezo
controlling circuit.

8.4 Review of the Achieved work:

The piezo used in this work has an axial ramigé-10Q:m). Connecting to the circuit the
piezo was derived successfully in the lab by chamghe light intensity of the laser beam
incident on the photodiode. The response time éacttange of the position of the focal plane is
on the order of milliseconds. This means the dddioeal plane is locked (in a period of time
sufficient to biological systems) and the image@rmation will not be lost. It is worth to note
that the position of the photodiode should not béha focus of the laser beam to sense the

change in the light intensity (this is illustratedigure 8.8).
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APPENDIX A- THE TRANSLATED CONCEPTUA SURVEY OF PHYS (TCSP)

Al. Two metal balls have the same diameter, buti®h&ice as massive as the other. The balls
are dropped from the roof of a single storydng at the same instant. The time it takes the
balls to reach the ground will be:

(A) About half as long for the heavier ball as fioe lighter one.

(B) About half as long for the lighter ball as tbe heavier one.

(C) About the same for both balls.

(D) Considerably less for the heavier ball, butmetessarily half as long.
(E) Considerably less for the lighter ball, but netessarily half as long.

A2. A large truck collides head-on with a smalirgeact car. During the collision:

(A) The truck exerts a greater amount of forcelendar than the car exerts on the tuck.

(B) The car exerts a greater amount of force orirtiek than the truck exerts on the car.

(C) Neither exerts a force on the other, the caasdrad simply because it gets in the way
of the truck .

(D) The truck exerts a force on the car but thedose not exert a force on the truck.

(E) The truck exerts the same amount of force erctr as the car exerts on the truck .
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The graphs refer to a toy car which can move tddfter right along a horizontal line( the
positive part of the distance axis).The positivectionis to the right. Different motions of the
car are described in each statement below .Chbedetter (A to D)of the graph which
corresponds to the car motion in each statement.nYay use a choice more than once or not at
all. If you think that none is correct, choose (E).

A3. The car moves toward the right and is speedmgt steady rate(constant
acceleration). Find a graph showingegy versus time?

A4. The car moves toward the left (toward theia)igt a constant velocity.
Find a graph showing acceleration versug®i

A5. The car moves toward the right and is slowdogn at steady rate (constant
acceleration).Find a graph showing veloedrsus time.

A6. The car moves toward the right and is speedmegt steady rate. Find a graph
showing acceleration versus time.

Tire Foosssoosmmoomomomoes Time

C) i D)
,/ b o e Time

Time

edagana

E) No graph is correct.
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AT.

The accompanying figure shows a frictionlesarstel in the shape of a segment of circle
with its center at the point marked “O”. The chdrimes been anchored to a frictionless
horizontal table top. In the figure, you are loakoiown at the table. Forces exerted by
the air are negligible. We shoot a ball at highesbmto the channel at “p” and the ball
exits at ‘r".

Consider the following distinct forces:

I. A downward force of gravity.

Il. A force exerted by the channel pointing frontocp.

lll. A force in the direction of motion.

IV. A force pointing from o to q.

Which of the above forces is (are) acting on tHeviaaen it is within the frictionless
channel at position “q"?

(A) ' only.

(B) and Il.

(C) Iand 111
(D) I, 1I, and 11 .
(E) VI, 1I1,IV
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A8.

A9.

A steel ball is attached to a string and isiisgvin a circular path in a horizontal plane as
illustrated in the accompanying figure. At the gdmindicated in the figure, the string
suddenly breaks near the ball. If these eventslaserved from directly above as in the
figure, which path would the ball most closely éoil after the string breaks?

s B
e B (B
S -"-._ | A
|" Lt | L
A I| | <
‘ b
ll-. _.-'I.l_,if
X C
A
"\-._‘__‘_*____--'- o - = '!
*o---T0
-
-
(E}*

The next figure depicts a hockey puck slidinthveonstant speed,¥n a straight line
from point "a" to point "b" on a frictionless hooiatal surface. Forces exerted by the air
are negligible. You are looking down on the puckaf' the puck reaches point "b," it
receives a swift horizontal kick in the directiointlee heavy print arrow. Had the puck
been at rest at point "b," then the kick would hagtthe puck in horizontal motion with
a speed yin the direction of the kick.

The speed of the puck just after it receives tl& Is:

(A) equal to the speed it had before it received the kick.

(B) equal to the speed vesulting from the kick and independent of theespe.

(C) equal to the sum of the speedand .

(D) smaller than either of the speedov w.

(E) greater than either of the speeg®my, but less than the sum of these
two speeds.
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A10. A boy throws a steel ball straight up. Coesithe motion of the ball only after it has left

All.

the boy's hand but before it touches the ground aasume that forces exerted by the air
are negligible. For these conditions, the forca¢ting on the ball is (are):

(A) a downward force of gravity along with a stdpdecreasing upward force.

(B) a steadily decreasing upward force from thenmiot it leaves the boy’s hand until it
reaches its highest point; on the way down theeesteadily increasing downward force
of gravity as the object gets closer to the earth.

(C) an almost constant downward force of gravibyng with an upward force that
steadily decreases until the ball reaches its Bigh@nt; on the way down there is only a
constant downward force of gravity.

(D) an almost constant downward force of gravityyo

(E) none of the above. The ball falls back to gbbecause of its natural tendency to
come to rest on the surface of the earth.

A large truck breaks down out on the road muetives a push back into town by a small
compact car as shown in the figure below:

By
ACME
- Transfer co. ﬁ
TR w o - Q [B _:I._:Io

While the car, still pushing the truck, is speedimpgto get up to cruising speed:

(A) the amount of force with which the car pushadiwe truck is equal to that with which
the truck pushes back on the car.

(B) the amount of force with which the car pusheste truck is smaller than that with
which the truck pushes back on the car.

(C) the amount of force with which the carpes on the truck is greater than that with
which the truck pushes back on the car.

(D) the car's engine is running so the cahpssgainst the truck, but the truck's engine is
not running so the truck cannot pushklzgainst the car. The truck is pushed forward
simply because it is in the way of the ca

(E) neither the car nor the truck exert armgdoon the other. The truck is pushed forward
simply because it is in the way of the car
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Al2.

The positions of two blocks (A&B) at success®20-second time intervals are
represented by the numbered squares in the figelosvb The blocks are moving toward
the right.

Block A

Al3.

Al4.

Do the blocks ever have the same speed?
(A) No.
(B) Yes, at instant 2.
(C) Yes, at instant 5.
(D) Yes, at instants 2 and 5.
(E) Yes, at some time during the interval 3 to 4.

A woman exerts a constant horizontal forceadarge box. As a result, the box moves

across a horizontal floor at a constant spge@ihe constant horizontal force applied by
the woman:

(A) has the same magnitude as the weight of the box

(B) is greater than the weight of the box.

(C) has the same magnitude as the total force wiilkts the motion of the box.

(D) is greater than the total force which resiktsrotion of the box.

(E) is greater than either the weight of the boxhertotal force which resists its motion

In the figure at right, student "a" has a ;a@k95 kg and student "b" has a mass of 77 kg.
They sit in identical office chairs facing eacheth
Student “a” places his bare feet on the knees o
student “b”, as shown. Student “a” then sudder
pushes outward with his feet, causing both cha
to move. During the push and while the studen
are still touching one another:

“qr “Py

a

(A) neither student exerts a force on the other.

(B) student "a" exerts a force on student "b",'twitdoes not exert any force on "a".
(C) each student exerts a force on the other, idueXerts the larger force.

(D) each student exerts a force on the other, duéXerts the larger force.

(E) each student exerts the same amount of for¢keoather.

50



Al5.

Al6.

Despite a very strong wind, a tennis playanages to hit a tennis ball with her racquet
so that the ball passes over the net and landsringponent's court.

Consider the following forces:
1. A downward force of gravity.
2. A force by the "hit".

3. A force exerted by the air.

Which of the above forces is (are) acting on tmaig ball after it has left contact with
the racquet and before it touches the ground?

(A) 1 only.

(B) 1 and 2.

(C)1and 3.

(D) 2 and 3.

(E) 1, 2, and 3.

Two small objects each with a net charge Qfexert a force of magnitudeon each
other:

'

We replace one of the objects with another whosehmrge is +@:

The original magnitude of the force on th@ eharge wa$. What is the magnitude of
the force on the @ charge now?

(A) 16F

(B) 4F

(C)F

(D) F/4

(E) None of the above

Next we move the @ and +4) charges to be 3 times as far apart as they were:

3 times as far apart
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Al7. Now what is the magnitude of the force on+4& charge?
(A) F/9
(B) F/3
(C) 4F/9
(D) 4F/3
(E) None of the above

Al18. A moving electron with charge —e travels gldime path shown, and passes through a
region of electric field. There are no other chargeesent. The electric field is zero
everywhere except in the gray region.

What is a possible direction (a - g) of the elediield in the region where the field is

non- zero?

A) Into the page

B) Out of the page

C) Up

D) Down

E) Along the path of the electron

A19. A non-conducting wall is given a net negatibarge. Next, a sheet of very flexible
rubber with zero net charge is suspended froméfmg near the charged wall as shown
below.

Sheet of flexible
rubber with zero

Wall with a net charge

negative net
charge




A20.

A21.

Initially, the rubber sheet will:

(A) not be affected by the charges on the wallesinubber is an insulator.

(B) not be affected by the charged wall becauseubber sheet has zero net charge.

(C) bend away from the wall due to the electriegluision between the electrons in the
rubber and the charges on the wall.

(D) bend away from the wall due to the polarizatddrhe rubber molecules by the
charged wall.

(E) bend toward the wall due to the polarizationhef rubber molecules by the charged

wall.

In static equilibrium, the potential differee between two points inside a solid piece of
metal

(A) is zero because metals block electric intecadi

(B) is zero because the electric field is zerodaghe metal
(C) is non-zero if there are charges on the surbdtee metal
(D) is non-zero for reasons not given above.

(E) is zero for reasons not given above.

A capacitor is originally charged. How doks turrent in the ammeter behave as a
function of time after the switch is closed?

2

Ammeter

_ Resistor
Capacitor

(A) I =0 always

(B) I = constant= 0

(C) I increases, then is constant.

(D) I instantly jumps up, then slowly decreases.
(E) None of the above
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A22. What is the magnitude of the potential differe between points A and B on the circuit
shown below, while the switch is open?

AN—EAN—""—

30 Q 30 Q2

B

12 volis | |

(A) 0 volts

(B) 3 volts

(C) 6 volts

(D) 12 volts

(eE None of the above.

A23. Here is a cylinder on whose surfaces theamislectric field whose direction is vertically
upward, but whose magnitude varies as shown.

Top: E =800 V/m upward
Curved: Eupward, magnitude varies

- -

i \-- Bottom: E =400 V/ il
The cylinder encloses e m upwar

(A) no net charge.

(B) net positive charge.

(C) net negative charge.

(D) There is not enough information available tted@ine whether or not there is net
charge inside the cylinder.
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A24. A proton is initially at rest in a region ofiform magnetic field (shown below). There

A25.

are no other charges present.

—_— —_— —_—
B
. —
proton
—_— — —_—

What is the direction (a-h) of the initial magndtece on the proton?

A) Up

B) Out of the page

C) Into the page

D) Zero magnitude

E) None of the above

A moving electron travels along the path shpand passes through a region of magnetic
field. There are no other charges present. The etexgiield is zero everywhere except in
the gray region.

What is a possible direction of the magnetic fielthe region where the field is non-zero?

/’

A) Into the page

B) Out of the page

C) Up

D) Down

E) Along the path of the electron




A26.

A27.

Two identical circular loops of wire, perplcular to the page, carry the same
conventional currerit

Front view
Perspective view

I
s I
1 _ P

What is a possible direction of the magnetic fidlek to the loops at location P, which is
midway between the loop?

Toutof page I out of page

®

® o

I into page Into page

A) Out of the page
B) Into the page
C) Left

D) Right

E) Zero magnitude

Two wires lie in the plane of the page. Wirearries conventional current to the left, and
wire 2 carries conventional current to the right:

1
y4
N
\ b
7
What is the direction of the magnetic force thatewli exerts on wire 27?
A) Up
B) Down

C) Into the Page
D) Out of the page
E) Zero force
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Here is a long solenoid (coils of wire along a lamyjnder) and an end view of the solenoid.
Conventional current runs counter-clockwise ingbkenoid and is increasing with time.

7 I increasing

[ %]

Long solenoid. perspective view Solenoid, end view

A28. What is the direction of thetectric field at location 1 (marked witb<)?

A) Left

B) Right

C) Down

D) Zero field

E) None of the above

A29. What is the direction of thebectric field at location 2 (marked witbX)?

A) Up

B) Down

C) Left

D) Zero field

E) None of the above
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A30. A neutral metal bar is moving at constanbegl to the right through a region where
there is a uniform magnetic field pointing out leétpage. The magnetic field is produced
by some large coils which are not shown on therdiag

®© @ ® ®

® @ ® ®
_"'1,.

® ® ®

B out of page

® ® ® ®

Which of the following diagrams best describesdtate of the metal bar?

+ + + + + +
]
1
+ + + + + +
+ + + + + +
+ + + + + +
I
]
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A31. A variable power supply is connected to 4 aod an ammeter, and the time dependence
of the ammeter reading is shown. A nearby coibisnected to a voltmeter.

Power
supply coil coil
|_o . Voltmeter
Ammeter [ ]
reading Ammeter
time [© b

Which of the following graphs correctly shows timae dependence of the voltmeter

reading?
(a) (b)
Voltmeter Voltmeter
reading reading
time time
(c) (d)
Voltmeter Voltmeter
reading reading
tume time
(e) ()
Voltmeter Voltmeter
reading reading
il tume tune

59



